The purpose of this study was to evaluate the effect of the addition of Origanum vulgare extract to in vitro capacitation sperm medium (IVCSM). This study investigated the antioxidant and antimicrobial effects of O. vulgare extracts at different concentrations (0.3, 0.6, 1.2 μg/ml and 25.0, 50.0, 100.0 μg/ml, respectively) in IVCSM. Significant enhancements in semen quality parameters such as total motility, live and live capacitated sperm were found when O. vulgare extract was added as an antioxidant source (1.2 µg/ml). The treatment of spermatozoa with O. vulgare extract at the highest concentration (100 μg/ml) for 2 hrs without antibiotics improved sperm characteristics. In conclusion, incubation of sperm with O. vulgare extract in capacitation medium had beneficial effects on the characteristics of ram sperm.
Introduction
Globally sheep is important livestock providing both animal protein and milk, which are essential for their contribution to human nutritional needs and ability to provide food security. Therefore, increasing productivity using the appropriate modern technologies including in vitro embryo production (IVEP) techniques is necessary. In the future, IVP systems could play a crucial role in sheep production by accelerating sheep breeding and reinforcing the production po-tency [1] . In vitro embryo production is a multi-step process consisting of: 1) In vitro maturation (IVM) of oocytes, 2) In vitro fertilization (IVF), and 3) In vitro culture (IVC) of zygotes up to the blastula stage [2] . In addition to the potential use of IVP technology in sheep breeding, embryos will also be needed for other purposes like cloning and transgenic animals production [3] . Although substantial progress has been achieved in the IVP field, the rate of in vitro embryo development is still lower than what is seen in vivo [4] [5] .
Mahfouz et al. (2010) [6] proved that both quality (motility, viability) and functional integrity of sperm membranes decrease gradually during handling. It is also known that reactive oxygen species (ROS) are generated during sperm capacitation [7] [8]. Evans and Maxwell, (1987) [9] showed that ram sperm cell membranes are susceptible to the oxidative damage caused by ROS as they contain a high amounts of polyunsaturated fatty acids. Lamirande and Flaherty (2012) [10] showed that excessive ROS affects the genetic and functional integrity of spermatozoa. Oxidative stress (OS) results in reduced sperm quality and fertilization rates [9] [11], decreasing sperm motility [12] and reducing metabolic activity, longevity and viability [13] . In vitro spermatozoa have been preserved from the risk of OS by many different antioxidant sources [14] . In recent study, different plant extracts were used to improve ram semen quality [15] [16] [17] . The high oxygen concentrations in vitro lead to elevated ROS generation and, in turn, elevated OS [18] . Indeed, high levels of ROS cause deoxyribonucleic acid injury by disrupting the mitochondrial membranes causing the release of cytochromes and the activation of proteolytic enzyme cascades [19] . Recently, Kitagawa et al. (2004) [20] and Rocha-Frigoni et al. (2016) [21] confirmed that the increase in reactive oxygen species (ROS) levels during IVP induces oxidative stress in embryo cells, resulting in weak embryonic development and nonviable embryos. There are many studies where spices and herbs having high antioxidant activity have been used in semen processing [22] [23].
O. vulgare is a member of the plant family Lamiaceae (Labiatae) [24] . O. vulgare L. is widely known as a healthy and flavorful herb, and contains a large array of medicinally active compounds, as well as phenolic glucosides, flavonoids, tannins, sterols and a large concentration of terpenoids [25] . O. vulgare is the preferred spice plant for creating natural antioxidants [26] [36] . Moreover, using O. vulgare as a dietary supplement, improves reproductive activity in sows [37] . In vivo treatment of mouse embryos during pre-implantation the stages with high doses of O. vulgare extract showed no toxic effects [38] . Luno et al. (2014) [39] also used O.
vulgare extract as a source of antioxidants in boar sperm cryopreservation and found that it had beneficial effects on improved sperm function, fertilizing capacity, preventing lipid peroxidation and DNA oxidation of frozen boar sperm.
There are no reports on the use of O. vulgare extract as a source of antioxidant and antimicrobial in the in vitro capacitation sperm medium (IVCSM) for sheep sperm. Thus, this study is the first report to investigate the effects of O. vulgare in a supplemented capacitation medium for sperm in sheep.
Materials and Methods

Chemicals and Reagents
All chemicals used in this study were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Sterile plastic culture dishes and Millipore membrane filters syringe were purchased from Nunclon, Nalge Nunc International, Roskide, Denmark.
Experimental Design
An O. vulgare stock solution was diluted with double distilled water (1 mg/ml) and stored at 4˚C until use. The O. vulgare extract was added to the capacitation medium of sperm at different concentrations. So, fresh semen was collected from a fertile healthy ram and was divided into six treatment groups plus a control group designated group one (G1). O. vulgare extract was added to the first three treatment groups (G2, G3, and G4) at different concentrations (0.3, 0.6, and 1.2 μg/ml) to be evaluated as an antioxidant source, and higher concentrations (25.0, 50.0, and 100.0 μg/ml) were added to the other three treatment groups (G5, G6, and G7) to evaluate its use as an antimicrobial. 
Preparation of O. vulgare Extract
Sperm Capacitation
Fresh semen was collected from a ram with confirmed fertility. For in vitro capacitation, sperm was incubated for 2 hrs at 38.5˚C, with 5% CO 2 
Statistical Analysis
Replicates of the experiments were performed on different days. Statistical analysis for all data was analyzed as a completely randomized design using IBM SPSS statistic program for windows, version 23.0 (IBM corporation. Armonk, NY, USA). Groups were compared using one way analysis of variance (One Way ANOVA). Statistical differences were considered significantly at P ≤ 0.05 levels by using Duncan's Multiple Range Test. Results were expressed as mean ± SEM (Standard Error of Mean).
Results
Effects of O. vulgare Extract as an Antioxidant on the in Vitro Capacitation of Sheep Sperm
All the treatments produced significantly different live, dead, live un-capacitated, dead capacitated and sperm motility parameters (Table 1) . Treatment with 1.2 µg/ml of O. vulgare extract in the sperm capacitation medium, had the highest rates of live, live capacitated, live un-capacitated and most motile sheep spermatozoa, followed by the 0.6 µg/ml treatment. The same concentration also gave the lowest means of dead, dead capacitated and dead un-capacitated spermatozoa as shown in Table 1 .
Effect of O. vulgare Extract Concentrations as an Antimicrobial on the in Vitro Capacitation of Sheep Sperm
Sperm motility, viability, and capacitation after 2 hrs incubation in capacitation medium supplemented with different concentrations of O. vulgare extract are shown in Table 2 . The mean number of live (269.00 ± 2.309) and live capacitated (127.67 ± 1.453) spermatozoa and the percentage that were motile (90.00 ± 0.000) were highly significantly higher in group IV (100 µg/ml) than the other groups while the mean number of dead and dead capacitated spermatozoa (31.00 ± 2.309 and 27.00 ± 1.732, respectively) were significantly lower. There were however no significant differences in the number of dead uncapacitated spermatozoa between the treatments Table 2 .
Discussion
Healthy embryos require good quality oocytes [1] . Three of the key issues encountered within culture systems are the intrinsic quality of the immature oocytes [43] oxidative stress [44] and substandard culture medium [45] . We are unaware of any reports on the effects of adding O. vulgare extract to IVCSM for sheep sperm. Our results showed that the addition of O. vulgare extract to the capacitation medium had a positive effect on sperm quality parameters, including motility, viability, and capacitation (acrosome integrity) of sheep sperm. Various cellular changes occur during sperm cell capacitation, including the activation of adenylyl cyclase increasing cAMP concentration, the inflow of Ca 2+ ions and the generation of reactive oxygen species (ROS) [7] [10].
The high unsaturated fatty acid content within the cytomembrane and as well as the low anti-oxidant capability of seminal plasma makes boar spermatozoa particularly sensitive to the harmful effects of ROS [46] [16] demonstrate that the addition of rosemary aqueous extract on post-thawed ram sperm at 2%, 4%, 6%, and 8%
concentrations has a useful effect on post-thawed ram sperm characteristics.
Furthermore, the addition of Camellia sinensis extract at 10 mg/L improves post-thawing quality of ram semen cryopreserved more than 5 or 15 mg/L [17] . The addition of different concentrations of Syzygium aromaticum extract (0, 35, 75, and 115 μg/ml) to ovine semen extenders has a useful effect on semen characteristics with 75 μg/ml of the extract having the best effect [59] .
Our results indicated that the treatment of sheep spermatozoa with high concentrations (100 μg/ml) of O. vulgare extract improved various sperm parameters, these findings are in agreement with previous studies on the addition of antioxidants to ram semen, the addition of rosmarinic acid (RA) to cryopreserved sperm in a lactose-egg yolk buffer improved both the post thaw quality of boar spermatozoa and their ability to fertilize oocytes and at a higher concentration (105 μM/ml) the breakthrough rate [39] . Additionally, Malo et al. (2012) [60] found that using high concentrations of Foeniculum vulgare extract in a lactose-egg-yolk extender produced a significant improvement in total sperm motility and viability. [67] or by the induction of spermatozoon structural changes in the midpiece, membrane, and acrosome [68] . Several varieties of antibiotics, notably streptomycin and penicillin are added to seminal extenders to control bacterial growth [69] . The results of this study revealed that the motility, viability and the integrity of the acrosome membrane were significantly higher in fresh ram semen with various concentrations of O. vulgare extract than in the control group. Both aqueous and ethanolic O. vulgare leaf extracts have immunostimulant, cytotoxic, antibacterial and antioxidant properties [70] . In the light of our results, O. vulgare extract may also be a good alternative antibiotic to be included in culture media in in vitro embryo production systems, although its impact on sheep ram spermatozoa needs to be evaluated more fully. 
Conclusion
The addition of O. vulgare extract to maturation medium for sheep spermatozoa leads to an increase in the number living sperm as well as an increase in the number of capacitated sperm.
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